Objectives. To examine the impact of implementing sepsis bundle in multiple Asian countries, having 'team' vs. 'non-team' models of patient care.
Introduction
The observation of the high incidence and associated mortality in patients with severe sepsis or septic shock led to the development of 'care bundles' to improve outcomes [1] [2] [3] . Crucial to the bundles is the implementation of early goaldirected therapy (EGDT), which involves the early identification of high-risk patients, early appropriate antibiotics, intensive monitoring and 6 h of protocolized resuscitation with fluids, vasoactive agents and appropriate transfusion of red blood cells [3] . One of the early adopters of this strategy showed that compliance with a 6 h severe sepsis bundle showed a 2-fold survival benefit [4] .
Implementation of the Surviving Sepsis Campaign (SSC) resuscitation bundle in developed countries within North America and Europe has been shown to be successful at improving the standard of care with associated decreased mortality [5, 6] . Despite evidence pointing to survival benefits of these efforts, the bundle has not been widely utilized in many developing countries due to the obvious lack of resources at multiple levels [7, 8] . Furthermore, varying clinical practice patterns and economic or cultural differences in areas such as Asia may further contribute to the uncertainty in the generalization of the bundle.
In translating clinical research into practice, three categories have been suggested as barriers: knowledge, attitude and behavior. The effect of educational programs on health care providers' practice has been well documented. A prospective study showed that an education program for intensive care unit (ICU) nurses on pressure ulcers improved levels of knowledge [9] . Another study iterated that education alone showed a reduction in central line related bloodstream infections compared with the use of a drug-impregnated catheter [10] . Lutters et al. [11] demonstrated that an educational program on the use of antibiotics could decrease the number of antibiotics administered and antibiotic costs by changing physicians' prescribing practice, without any negative clinical effect to the patients. An education course for medical students about EGDT improved not only test scores but also students' confidence levels in managing septic shock patients [12] . According to these studies, comprehensive educational programs can improve not only knowledge of health-care providers but attitude and behavior as well. However, the sustainability of the impact from educational endeavors on clinician practice is debatable. Ferrer et al. [5] demonstrated in a multicenter, prospective study that the implementation of an educational program for the SSC bundles in Spain improved the process-of-care variables and reduced mortality in patients with severe sepsis and septic shock. Unfortunately, compliance to the resuscitation bundle returned to the baseline after 1-year follow-up.
The purpose of our prospective cohort study was to show that the implementation of the SSC resuscitation bundle as standard care in multiple hospitals in Asia is feasible, as well as to examine the effect of a team model of the implementation on bundle compliance. Our strategy of repeated educational sessions and quarterly investigators meetings were crucial for continued improvement in bundle compliance.
Methods

Design and setting
This was a prospective observational cohort study of patients presenting to the emergency department (ED) with severe sepsis or septic shock in whom the resuscitation bundle was initiated. The study period was from 1 July 2008 to 31 December 2009. The first 3 months were designated as the Baseline phase (the first quartile) followed by 3 months of Education phase (second quartile). The subsequent successive four quartiles were designated as Quality Improvement (QI) phases (third through sixth quartiles).
Eight hospitals in Asia (one in China, three in India, one in Korea, one in Singapore and two in Taiwan) participated in this study. Three hospitals were classified as having a team model, where the implementation of the bundle was led by intensivists, with initiation of the bundle in the ED and completion in the ICU setting by a focused multidisciplinary team. Five hospitals adopted a non-team model, where the bundle was championed by emergency physicians, with completion of the bundle in the ED as part of standard care. The characteristics of the participating hospitals are summarized in Table 1 .
The respective Institution Review Board of the participating hospitals approved the study and waived the need for patient's written consent. Patient data gathered during the course of the study were entered into an Institution Review Board-approved database at the study organization center, Loma Linda University, CA, USA.
Patient selection
All consecutive adult patients (age over 18 years) who met severe sepsis or septic shock criteria were enrolled. The inclusion criteria were (i) suspected or confirmed infection, (ii) two or more systemic inflammatory response syndrome (SIRS) criteria and (iii) lactate !4 mmol/l or more than one organ dysfunction (severe sepsis); or systolic blood pressure below 90 mmHg after 1 l of crystalloid bolus (septic shock). SIRS criteria consist of body temperature above 38.38C or below 36.08C; heart rate more than 90 b.p.m.; respiratory rate more than 20 per minute or partial pressure of carbon dioxide in arterial blood (PaCO 2 ) of less than 32 mmHg; and white blood cell count more than 12 000 per mm 3 , less than 4000 per mm 3 or more than 10% of bands form. The case ascertainment remained consistent throughout the whole study period.
Patients with trauma, emergent surgical indication, active seizure, acute pulmonary edema due to heart failure, acute stroke, active hemorrhage and a do-not-attempt-resuscitate order were excluded. of formal sessions encompassing (i) definition and early recognition of severe sepsis or septic shock and (ii) treatment of severe sepsis and septic shock based on the SSC guidelines and resuscitation bundle [2] . Frequent lectures, bedside reminder cards and personal feedback to the physicians and nurses were carried out throughout the study period. Three of the hospitals (all with a non-team model of bundle implementation) provided medical simulation courses on EGDT and the resuscitation bundle to the ED resident physicians.
Interventions
A standardized bundle completion checklist was used as the compliance measurement tool. The resuscitation bundle consisted of: (i) lactate measured; (ii) blood cultures obtained prior to antibiotics; (iii) antibiotics administered by 3 h; (iv) fluid bolus given; (v) central venous pressure (CVP) .8 mmHg achieved by 6 h; (vi) mean arterial pressure (MAP) .65 mmHg achieved by 6 h; and (vii) ScvO 2 .70% achieved by 6 h. All bundle items must be fulfilled for the bundle to be considered completed.
Each participating hospital had a clinical champion who performed weekly audits of the bundle implementation. The bundle completion checklist was then completed by the champion for each patient meeting enrollment criteria for the study. Quarterly investigator meetings were held to review the bundle implementation at all participating hospitals. The investigators also exchanged ideas on bundle performance improvement strategies. The specific details of bundle implementation were deferred to the individual participating hospitals. Additionally, it was left to the discretion of the hospitals whether to implement the bundle via a team or non-team approach.
In the 'team model' of implementation, ED physicians and nurses had the initial responsibility of identifying patients indicated for the bundle. Emphasis on early lactate measurements was crucial to the success of bundle initiation. Once patients were identified as having severe sepsis or septic shock, fluids and antibiotics were initiated. The ICU team was then contacted within 10 -15 min. Patient care was then continued in the ED by the team, or the patient is transferred immediately to the ICU depending on bed availability. The team was led by an attending/consultant intensivist and a resident physician. Central venous catheter insertion for CVP and central venous oxygen saturation (ScvO 2 ) monitoring (PreSep, Edwards Lifesciences, Irvine, California, USA) was performed as soon as possible, regardless of patient location. The ED nursing staff continued to be involved if the patient remained in the ED.
In the 'non-team model' of implementation, the initiation and completion of the bundle were performed as part of standard care by ED physicians and nurses. Insertion of the central venous catheter for CVP/ScvO 2 monitoring was performed by the ED physicians. Patients were admitted to the ICU when appropriate, depending on bed availability. Delivery of care was then continued by the ICU physicians and nurses. Communication and transition of care between the ED and ICU physicians were at the discretion of the participating hospitals.
Outcome measurements and data collection
The primary outcome was quarterly percentage compliance to the bundle. We also examined the effect of the team compared with non-team model of implementation on bundle compliance. The secondary outcome was in-hospital mortality with respect to bundle completion and implementation model.
Demographics, hemodynamics, laboratory results, sources of infection, Acute Physiology and Chronic Health Evaluation (APACHE) II score, therapies, resource consumption and in-hospital mortality were recorded.
Statistical analysis
To identify trends in quarterly compliance to the bundle implementation, analysis of variance (ANOVA) was conducted for the completion of the individual bundle items over each of the six quartiles, as well as bundle compliance stratified by team vs. non-team models of care over the study period. The time-sensitive therapies of antibiotic time, central venous catheter insertion and central venous catheter time of insertion were further analyzed to identify compliance trends over each of the six implementation quartiles.
Univariate analyses were conducted on patient demographics, laboratories, hemodynamics and therapies to assess normality and to test the assumptions of the parametric and non-parametric statistical tests conducted. Taken into account were the following: age, gender, APACHE II score, team care model, bundle completion, mechanical ventilation, therapies in either the ED or ICU, length of stay in the ED, ICU and hospital, hemodynamic characteristics, laboratory measurements and infection source. Univariate assessment for differences between survivors and non-survivors for each of these factors was conducted using Pearson's x 2 square test, Wilcoxon's sum-rank test or Student's two-sample t-test as appropriate. The best measure of central tendency and the corresponding measure of variation for each of these factors stratified by survival status were determined.
Those univariate variables which were significantly associated with mortality were included in a multivariable logistic regression model. Crude and adjusted odds ratios (ORs) with the corresponding 95% confidence interval (CI) limits were determined for each predictor variable included in the model.
Statistical significance is defined at P , 0.05. All analyses were performed using R 2.10.0 (R Foundation for Statistical Computing, Vienna, Austria) and SAS version 9.2 (SAS Institute Inc, Cary, NC, USA).
Results
Five hundred and fifty-six patients were enrolled in the study. The median (25th, 75th percentile) age was 63 (50, 74) years, with 67.1% patients in septic shock ( Table 2 ). The median APACHE II score was 22 (16, 27 ) with the corresponding predicted mortality of 41.6 (20.4, 59.7)%. The overall in-hospital mortality was 29.9%. The most common source of infection was pneumonia (41.9%), followed by intra-abdominal sepsis (19.4%) and urinary tract infection (16.7%). Bundle completed patients showed higher septic shock incidence, lower APACHE II scores and shorter ED stay. Higher amounts of fluid therapy and vasopressor were used in the bundle-completed group. In terms of care model, team approach demonstrated higher bundle completion rate comparing to the non-team model ( Table 2 ). The overall bundle completion progressively increased throughout the implementation quartiles: 13.3, 26.9, 37.5, 45.9, 48.8 and 54.5% (P , 0.01; Fig. 1 ). Bundle compliance improvements appeared to be contributed by significant increases in achieving the CVP and ScvO 2 targets by 6 h over the study period. The time-sensitive intervention of central venous catheter insertion for CVP/ScvO 2 monitoring increased from 74.2% catheter insertions at Baseline to 90.9% at the fourth QI quartile (P , 0.01; Table 3 ). The central venous catheter time to insertion after patients met criteria for the bundle was 2.0 (1.0, 4.0) h in all patients during the study period. Results reported as count (column %).
c Results reported as number of patients died/total number of patients (percent mortality). Hospitals with the team model had significantly higher bundle completion compared with hospitals with the non-team model during all implementation quartiles: 37.5, 78.6, 69.7, 65.8, 73.8 and 88.2, compared with 5.2, 7.9, 22.5, 29.8, 21.1 and 39.5%; respectively (P , 0.01; Fig. 2 ). During the entire study period, hospitals with the team model had 67.4% bundle completion compared with 17.5% in hospitals with the non-team model (P , 0.01; Fig. 3 ). Hospitals adopting the team model had significantly higher compliance to lactate measurements, and the achievement of CVP, MAP and ScvO 2 targets by 6 h. The team model achieved more central venous catheter insertions, 99.5 vs. 76.1% (P , 0.01); with shorter time to catheter insertion, 1.0 (0.5, 2.0) vs. 3.0 (1.5, 6.0) h (P , 0.01; Table 3 ). In-hospital mortality between the team and non-team models was not statistically significant (25.8 vs. 32.0%, P ¼ 0.13).
Throughout the study period, patients who received the entire bundle had an in-hospital mortality of 24.5%, compared with 32.7% mortality in patients who only received some components of the bundle (P ¼ 0.04; Table 2 ). In the Baseline and second QI quartiles, patients with the bundle completed had significantly lower mortality compared with those who did not receive the entire bundle. Multivariable logistic regression modeling showed that age, APACHE II, mechanical ventilation and lactate level were independently associated with in-hospital mortality (Table 4) . Bundle completion was associated with a decrease in crude in-hospital mortality, OR 0.67 (95% CI 0.45 -0.99). However, it was not associated with decreased mortality after adjustment for other confounding variables in the model.
Discussion
Previous studies have demonstrated that the implementation of the SSC bundle in developed countries is associated with improved outcomes including shorter ICU and hospital length of stay, as well as lower mortality [3, 4, 13, 14] . However, there are many barriers associated with the application of this evidence-based practice. The present study demonstrated that the SSC resuscitation bundle can be implemented in developing and developed countries across Asia, achieving at least similar performance to those in Europe and North America. Continuing quality improvement educational activities were essential for the implementation of the bundle. We successfully demonstrated quarterly improvement in our primary outcome of bundle compliance.
From the baseline data, the compliance rate to the resuscitation bundle was poor as seen in previous studies [5, 15] . Interestingly, the baseline bundle compliance was higher in team model hospitals and the compliance rate increased abruptly after the education period and maintained greater than 60% throughout the study period. On the other hand, compliance was low at the baseline in non-team model hospitals and increased only modestly throughout the study period. The difference may be a result of the increased efficiency of the team or high-intensity ICU staffing model in realizing the 'plan-do-study-act' approach. For the non-team model hospitals to improve compliance, an approach may include a mobile expert team, with intensivists and ICU nurses arriving to the ED to initiate and complete the bundle. Such breakdown of practice barriers between disciplines is crucial to create an optimal care model in hospitals lacking high-intensity staffing or beds in their ICUs.
The management of severe sepsis and septic shock patients in the team and non-team models in the participating Asian countries demonstrated the heterogeneity of current care available in these regions. The main differences between these two models were the available resources and location of care delivery. The ICU as a venue has the necessary manpower, expertise and resources in dealing with septic shock patients, whereas the ED may lack staffing and attention to provide optimal care due to the myriad of concurrent patient cases with varying complexity. The lack of ICU beds may also be a hindrance to early transfer of patients from the ED. Various strategies have been discussed and some implemented to bridge this gap in care, including forming collaborations between ED and ICU physicians to provide comprehensive and seamless transition of care for severe sepsis patients [16] . In our study, we showed that the team model approach resulted in higher bundle compliance compared with the non-team model, most likely due to the increased ability of the ICU team to achieve the CVP, MAP and ScvO 2 resuscitation goals by 6 h.
Our study was an observational design in examining the feasibility of implementing the resuscitation bundle. We achieved our primary outcome of significant bundle compliance improvement over a 1-year implementation period (four quartiles of quality improvement). We further showed that a team model of implementation resulted in much higher bundle completion than a non-team model. Our study was non-randomized; therefore, the fact that bundle completion was not an independent variable affecting outcome does not discredit the value of the bundle. A factor that could have accounted for the lack of difference in adjusted in-hospital mortality between patients who completed and those not completed the bundle was the 'normal' CVP and ScvO 2 already observed in both groups at the baseline, which had been demonstrated in previous studies [16 -18] . As severe sepsis is such an indolent disease, the socioeconomic status and availability or lack of resources in the participating hospitals may play a significant role in determining the care patients receive, thus determining their ability to respond to treatment. The diverse ethnicity, geographical location and socioeconomic status of the eight hospitals involved in this study are likely to have contributed to lack of outcome differences between the two implementation models. The majority of patients designated to the team model are from the Indian subcontinent, whereas those in the non-team model come from East and South East Asia, genetically different in make-up, which further contributed to the disparities in the patient population.
Other limitations in our study included a less standardized educational program; however, we a priori allowed the participating hospitals the freedom to develop their own strategies of implementation. Since our primary outcome measurement was bundle compliance, the only difference in the team vs. non-team model of implementation was the early involvement of the ICU team in the care of the patients.
In conclusion, baseline compliance to the severe sepsis resuscitation bundle was low in Asia, similar to other studies published in Europe and North America. To our knowledge, this study was the first multinational effort at improving the standard care for patients in Asia with severe sepsis and septic shock. A team model was more effective compared with a non-team model of implementation in achieving compliance to the bundle.
